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ZwitterionsAbstract Diethylamine catalyzed tandem Knoevenagel–Michael reactions have been carried out in
aqueous medium as an efﬁcient, greener and cost effective process for the simple one-pot synthesis
of bis-dimedone derivatives. Reaction of substituted aromatic aldehyde (1 equiv.) and dimedone (2
equiv.), in the presence of aqueous diethylamine medium at room temperature provides
bis-dimedone derivatives 3a–n in excellent yields (87–95%) within a very short reaction time
(15–60 min). All the bis-dimedone derivatives were obtained in high purity and the products
were fully characterized by physical and spectroscopic data. The structures of compounds 3b,c were
elucidated by single crystal X-ray diffraction technique. Compound 3b crystallizes in the monoclinic
186 A.M. Al-Majid et al.space group P 21/n with a= 10.2895(9) A˚, b= 18.0995(15) A˚, c= 15.8615(13) A˚, a= 90,
b= 107.975(2), c= 90, V= 2809.8(4) A˚3, and Z= 4. Compound 3c crystallizes in the mono-
clinic space group P 21/n with a= 10.2816(16) A˚, b= 18.080(3) A˚, c= 15.637(2) A˚, a= 90,
b= 107.076(4), c= 90, V= 2778.6(7) A˚3, and Z= 4.
The use of inexpensive, eco-friendly and readily available reagents, easy work-up, and high
purity products makes the procedure a convenient and robust method for the synthesis of tandem
Knoevenagel–Michael adducts.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
In recent, the development of environmentally benign and
clean synthetic procedures has become the most desired goal
in the ﬁeld of organic synthesis. Therefore, organic reactions
in green solvents have attracted much attention; especially
from the viewpoints of green chemistry (Gawande et al.,
2013). Green chemistry approaches can lower energy costs,
waste chemicals and reduce byproducts. The possibility of car-
rying out multi-component reactions under green solvents can
improve their ecological value (Anastas and Williamson,
1998). Reactions in aqueous media are environmentally safe,
devoid of carcinogenic effects due to other solvents have sim-
ple work up, and are especially suited for industry (Grieco,
1998; Akbar and Mohammad, 2010). Thus, there is a need
for the development of multicomponent reactions (MCRs) in
water, without the use of any harmful organic solvents and
catalysts.
Knoevenagel condensation is one of the most signiﬁcant C–
C bond constricting method in organic chemistry (Tietze and
Beifuss, 1991; Posner, 1986), that involves the reaction of car-
bonyl compounds with active methylene group in the presence
of amines (Knoevenagel, 1894; Knoevenagel, 1896). Combina-
tion of this reaction with other reactions in a Domino manner
is termed as multicomponent coupling reaction (MCRs)
(Bunce, 1995; Tietze and Rackelmann, 2005; Tietze and
Brasche, 2006; Hasaninejad et al., 2013a,b). Moreover, MCRs
are attractive choice for organic chemists because of opera-
tional simplicity, reduced steps for work-up, extraction, puriﬁ-
cation, and facile automation and minimal waste generation
(Zhu and Bienayme, 2005; Nicolaou et al., 2006).
Dimedone (1) is one of the most important substrates
among the active methylene compounds, having 1,3-dicarbonyl
groups ﬂanked by active methylene groups, which can exists in
trans-enolized tautomer form, stabilized by intermolecular
hydrogen bonding network (Mark et al., 2011; Xu et al.,
2005). It has been used as a versatile synthetic precursor for
the synthesis of several classes heterocyclic and spirocyclic
compounds (El Ashry et al., 2009). A number of dimedone
derived heterocyclic and non-heterocyclic compounds have
been reported in the literature for their biological properties,
such as tetrahydrobenzo[b]pyrans (Akbar and Mohammad,
2010), fused spiroketal derivatives (Giasuddin Ahmed et al.,
2005), bis-spiropiperidine derivatives (Atar and Jeong, 2013),
5-aminouracil derivatives (Shaker et al., 2009), triazolo[1,2-a]
indazole-triones (Nikpassand et al., 2009), fused 1,4-dihydro-
pyridines (Mosaddegh and Hassankhani, 2012), isoquinolines
(Ivanov and Nikolova, 2008), spirocarbocycles (Clavier
et al., 2012), 9-aryl-1,8-dioxooctahydroxanthene derivatives(Ilangovan, et al., 2012) and others (Al-Majid et al., 2013a,b).
Therefore, we employed tandem Knoevenagel–Michael reac-
tion in our ongoing research for the one-pot synthesis of vari-
ous dimedone derivatives. We report here, diethyl amine
catalyzed tandemKnoevenagel–Michael reactions of dimedone
with various substituted aromatic aldehyde in aqueous medium
as a new, robust, greener and highly efﬁcient procedure for the
synthesis of bis-dimedone derivatives.
2. Experimental
2.1. General
All the chemicals were purchased from Aldrich, Sigma–
Aldrich, Fluka etc, and were used without further puriﬁcation,
unless otherwise stated. All melting points were measured on a
Gallenkamp melting point apparatus in open glass capillaries
and are uncorrected. IR Spectra were measured as KBr pellets
on a Nicolet 6700 FT-IR spectrophotometer. The NMR spec-
tra were recorded on a Jeol-400 NMR spectrometer. 1H-NMR
(400 MHz), and 13C-NMR (100 MHz) were run in either deu-
terated dimethylsulfoxide (DMSO-d6) or deuterated chloro-
form (CDCl3). Chemical shifts (d) are referred in terms of
ppm and J-coupling constants are given in Hz. Mass spectra
were recorded on a Jeol JMS-600 H. Elemental analysis was
carried out on an Elmer 2400 Elemental Analyzer; CHN mode.
2.2. General procedure (GP1) for Knoevenagel-condensation
Michael addition for the synthesis of 3a–n
A mixture of aldehyde 2a–n (1.5 mmol), dimedone 1 (3 mmol,
420 mg), and Et2NH (1.5 mmol, 155 ll) in 1.5 mL of degassed
H2O was stirred at room temperature for up to 60 min until
TLC showed complete disappearance of the reactants. The
precipitated product was ﬁltered and washed with ether
(3 · 20 mL). The solid was recrystallized from a mixture of
CH2Cl2/Et2O to afford pure product 3a–n.
2.2.1. Diethylammonium-2-((2-hydroxy-4,4-dimethyl-
6-oxocyclohex-1-en-1-yl)(phenyl)methyl)-5,5-dimethyl-
3-oxocyclohex-1-enolate 3a
Pure product 3a was obtained according to GP1 as solid
(1.26 g, 95%). IR (cm1): 2955 (s), 1586 (s), 1382 (s), 776 (s),
576 (s), 480 (s); 1H-NMR (CDCl3, 400 MHz) d 0.95–1.14
(m, 12H, CH3), 1.18 (t, J= 6.60 Hz, 6H, NHCH2CH3), 2.31
(s, 8H, CH2 + COCH2), 2.84 (q, J=6.60 Hz, 4H, NHCH2CH3),
5.74 (s, 1H, PhCH), 7.01–7.21 (m, 5H. ArH), 8.25 (bs, 1H. NH2),
13.91 (s, OH); 13C-NMR (CDCl3, 100 MHz): d 11.4 (CH3CH2
Doctopic: Tandem Knoevenagel–Michael reactions in aqueous diethylamine medium 187NH), 31.5 (CH3)2, 32.0 {C(CH3)2}, 34.2 (Ph-C), 42.3 (CH3CH2-
NH), 45.9, 50.6, 115.5, 125.2 (PhC4), 126.8 (PhC2), 128.0
(PhC3), 142.4 (PhC1), 179.3 (C–OH), 199.1 (C‚O); Anal. Calcd.
for C27H37NO4: C, 73.36; H, 8.98; N, 3.07; O, 14.57; Found: C,
73.43; H, 8.90; N, 3.17; O, 14.49: LC/MS (ESI): m/z=441.29
[M]+.
2.2.2. Diethylammonium 2-((2-hydroxy-4,4-dimethyl-
6-oxocyclohex-1-en-1-yl)(p-tolyl)methyl)-5,5-dimethyl-
3-oxocyclohex-1-enolate 3b
Pure product 3b was obtained according to GP1 as solid
(1.2 g, 93%). IR (cm1): 2957 (s), 1571 (s), 1483 (s), 1383 (s),
1267 (s), 739 (s), 488 (s); 1H-NMR (CDCl3, 400 MHz) d
0.94–1.16 (m, 12H, CH3), 1.18 (t, J= 7.32 Hz, 6H, NH2
CH2CH3), 2.23 (s, 3H, PhCH3), 2.31 (s, 8H, CH2 + COCH2),
2.84 (q, J= 7.32 Hz, 4H, NHCH2CH3), 5.73 (s, 1H,
PhCH), 6.91–7.05 (m, 4H. ArH), 7.83 (bs, 2H. NH2), 13.73
(s, OH); 13C-NMR (CDCl3, 100 MHz): d 12.4 (CH3CH2NH),
20.9 (PhCH3), 31.4 (CH3)2, 32.7 {C(CH3)2}, 34.9 (Ph-C),
42.7 (CH3CH2NH), 46.1, 51.8, 115.6, 126.8 (PhC4), 128.6
(PhC2), 134.0 (PhC3), 144.4 (PhC1), 187.3 (C–OH), 195.8
(C‚O); Anal. Calcd. for C28H41NO4: C, 73.79; H, 9.14; N,
3.09; O, 13.91; Found: C, 73.81; H, 9.07; N, 3.07; O, 14.05:
LC/MS (ESI): m/z= 455.30 [M]+.
2.2.3. Diethylammonium 2-((4-chlorophenyl)(2-hydroxy-4,
4-dimethyl-6-oxocyclohex-1-en-1-yl)methyl)-5,5-dimethyl-
3-oxocyclohex-1-enolate 3c
Pure product 3c was obtained according to GP1 as solid
(1.31 g, 92%). IR (cm1): 2956 (s), 1706 (s), 1573 (s), 1486
(s), 1382 (s), 1263 (s), 732 (s), 605 (s), 485 (s); 1H-NMR
(CDCl3, 400 MHz) d 0.91–1.16 (m, 12H, CH3), 1.21 (t,
J= 7.32 Hz, 6H, NH2CH2CH3), 2.30 (s, 8H, CH2
+ COCH2), 2.90 (q, J= 7.32 Hz, 4H, NHCH2CH3), 5.70
(s, 1H, PhCH), 6.89–7.21 (m, 4H. ArH), 8.51 (bs, 2H. NH2),
13.59 (s, OH); 13C-NMR (CDCl3, 100 MHz): d 11.3 (CH3CH2
NH), 31.5 (CH3)2, 33.1 {C(CH3)2}, 34.3 (Ph-C), 42.2 (CH3
CH2NH), 44.9, 49.7, 115.2, 128.1 (PhC3), 128.3 (PhC2),
130.8 (PhC4), 139.5 (PhC1), 188.6 (C–OH), 197.3 (C‚O);
Anal. Calcd. for C27H38ClNO4: C, 68.23; H, 8.19; N, 2.97;
O, 13.34; Found: C, 68.12; H, 8.05; N, 2.90; O, 13.44: LC/
MS (ESI): m/z= 475.25 [M]+.
2.2.4. Diethylammonium 2-((4-bromophenyl)(2-hydroxy-4,
4-dimethyl-6-oxocyclohex-1-en-1-yl)methyl)-5,5-dimethyl-
3-oxocyclohex-1-enolate 3d
Pure product 3d was obtained according to GP1 as solid
(1.40 mg, 90%). IR (cm1): 2955 (s), 1743 (s), 1574 (s), 1509
(s), 1385 (s), 1242 (s), 667 (s), 488 (s); 1H-NMR (CDCl3,
400 MHz) d 0.98–1.22 (m, 12H, CH3), 1.34 (t, J= 7.32 Hz,
6H, NH2CH2CH3), 2.34 (s, 8H, CH2 + COCH2), 2.97
(q, J= 7.32 Hz, 4H, NHCH2CH3), 5.55 (s, 1H, PhCH), 6.94
(d, J= 8.04 Hz, 2H, ArH),7.32 (d, J= 8.04 Hz, 2H. ArH),
8.51 (bs, 2H. NH2), 13.34 (s, OH);
13C-NMR (CDCl3,
100 MHz): d 11.5 (CH3CH2NH), 31.5 (CH3)2, 32.0 {C(CH3)2},
33.9 (Ph-C), 42.4 (CH3CH2NH), 47.3, 52.1, 115.2, 128.7
(PhC3), 131.1 (PhC2), 132.9 (PhC4), 140.4 (PhC1), 188.5
(C–OH), 198.1 (C‚O); Anal. Calcd. for C27H38BrNO4: C,62.43; H, 7.29; N, 2.58; O, 12.48; Found: C, 62.30; H, 7.36; N,
2.69; O, 12.30: LC/MS (ESI): m/z= 519.20 [M]+.
2.2.5. Diethylammonium 2-((3-bromophenyl)(2-hydroxy-4,
4-dimethyl-6-oxocyclohex-1-en-1-yl)methyl)-5,5-dimethyl-
3-oxocyclohex-1-enolate 3e
Pure product 3e was obtained according to GP1 as solid
(1.37 g, 88%). IR (cm1): 2948 (s), 1743 (s), 1562 (s),
1466 (s), 1384 (s), 1065 (s), 775 (s), 485 (s); 1H-NMR
(CDCl3, 400 MHz) d 0.88–1.05 (m, 12H, CH3), 1.12 (t,
J= 6.60 Hz, 6H, NH2CH2CH3), 2.35 (s, 8H, CH2 +
COCH2), 2.80 (q, J= 6.60 Hz, 4H, NHCH2CH3), 5.94
(s, 1H, PhCH), 6.98–7.25 (m, 4H. ArH), 8.61 (bs, 2H. NH2),
14.95 (s, OH); 13C-NMR (CDCl3, 100 MHz): d 11.5 (CH3CH2-
NH), 31.3 {C(CH3)2}, 331.6 (CH3)2, 33.3 (Ph-C), 42.5 (CH3-
CH2NH), 46.6, 52.8, 114.9, 122.1 (PhC3), 125.7 (PhC6),
127.6 (PhC4), 129.3 (PhC5), 130.2 (PhC2), 146.5 (PhC1),
181.4 (C–OH), 198.9 (C‚O); Anal. Calcd. for C27H38BrNO4:
C, 62.29; H, 7.16; N, 2.84; O, 12.21; Found: C, 62.30; H, 7.36;
N, 2.69; O, 12.30: LC/MS (ESI): m/z= 519.20 [M]+.
2.2.6. Diethylammonium 2-((2-hydroxy-4,4-dimethyl-
6-oxocyclohex-1-en-1-yl)(4-methoxyphenyl)methyl)-5,
5-dimethyl-3-oxocyclohex-1-enolate 3f
Pure product 3f was obtained according to GP1 as solid
(1.26 g, 89%). IR (cm1): 3121 (s), 1668 (s), 1614 (s), 1578
(s), 1446 (s), 778 (s), 608 (s), 457 (s); 1H-NMR (CDCl3,
400 MHz) d 0.96–1.16 (m, 12H, CH3), 1.20 (t, J= 7.36
Hz, 6H, NH2CH2CH3), 2.30 (s, 8H, CH2 + COCH2), 2.85
(q, J= 7.36 Hz, 4H, NHCH2CH3), 3.72 (s, 3H, OCH3), 5.72
(s, 1H, PhCH), 6.72 (d, J= 7.40 Hz, 2H, ArH), 6.97
(d, J= 7.40 Hz, 2H. ArH), 8.22 (bs, 2H. NH2), 14.67
(s, OH); 13C-NMR (CDCl3, 100 MHz): d 11.9 (CH3CH2NH),
31.1 {C(CH3)2}, 31.5 (CH3)2, 34.1 (Ph-C), 42.5 (CH3CH2NH),
45.3, 50.7, 55.2 (PhOCH3), 113.4, 115.7 (PhC3), 127.8
(PhC2), 133.1 (PhC1), 157.6 (PhC4), 187.5 (C–OH), 194.1
(C‚O); Anal. Calcd. for C28H41NO5: C, 71.19; H, 8.79; N,
3.05; O, 17.11; Found: C, 71.31; H, 8.76; N, 2.97; O, 16.96:
LC/MS (ESI): m/z= 471.30 [M]+.
2.2.7. Diethylammonium 2-((2-hydroxy-4,4-dimethyl-
6-oxocyclohex-1-en-1-yl)(mesityl)methyl)-5,5-dimethyl-
3-oxocyclohex-1-enolate 3g
Pure product 3g was obtained according to GP1 as solid
(1.23 g, 85%). IR (cm1): 2955 (s), 1573 (s), 1488 (s), 1381
(s), 1265 (s), 736 (s), 482 (s); 1H-NMR (CDCl3, 400 MHz) d
0.93–1.17 (m, 12H, CH3), 1.21 (t, J= 7.36 Hz, 6H, NH2CH2
CH3), 2.25 (s, 9H, Ph(CH3)3, 2.36 (s, 8H, CH2 + COCH2),
2.86 (q, J= 7.36 Hz, 4H, NHCH2CH3), 5.71 (s, 1H,
PhCH), 6.94–7.11 (m, 4H. ArH), 7.84 (bs, 2H. NH2), 13.76
(s, OH); 13C-NMR (CDCl3, 100 MHz): d 12.1 (CH3CH2NH),
20.9 (1C, PhCH3), 21.8 (2C, PhCH3), 31.7 (CH3)2, 32.9
{C(CH3)2}, 34.8 (Ph-C), 42.9 (CH3CH2NH), 46.5, 51.9,
115.8, 127.5 (PhC4), 128.9 (PhC2), 134.6 (PhC3), 144.5
(PhC1), 187.5 (C-OH), 195.6 (C‚O); Anal. Calcd. for
C30H45NO4: C, 74.63; H, 9.25; N, 3.11; O, 13.47; Found: C,
74.50; H, 9.38; N, 2.90; O, 13.23: LC/MS (ESI):
m/z= 483.34 [M]+.
Table 2 Tandem Knoevenagel–Michael reactions of dime-
188 A.M. Al-Majid et al.2.2.8. Diethylammonium 2-((2-hydroxy-4,4-dimethyl-6-
oxocyclohex-1-en-1-yl)(4-nitrophenyl)methyl)-5,5-dimethyl-3-
oxocyclohex-1-enolate 3h
Pure product 3h was obtained according to GP1 as solid
(1.26 g, 90%). IR (cm1): 2872 (s), 1582 (s), 1510 (s), 1466
(s), 1384 (s), 1339 (s), 757 (s), 487 (s); 1H-NMR (CDCl3,
400 MHz) d 0.91–1.06 (m, 12H, CH3), 1.21 (t, J= 7.32 Hz,
6H, NH2CH2CH3), 2.29 (s, 8H, CH2 + COCH2), 2.94
(q, J= 7.32 Hz, 4H, NHCH2CH3), 5.92 (s, 1H, PhCH), 7.21
(d, J= 8.80 Hz, 2H, ArH), 8.01 (m, J= 8.80 Hz, 2H.ArH),
8.32 (bs,2H. NH2), 15.12 (s, OH);
13C-NMR (CDCl3,
100 MHz): d 11.4 (CH3CH2NH), 31.6 {C(CH3)2}, 32.2
(CH3)2, 34.1 (Ph-C), 42.5 (CH3CH2NH), 45.2, 50.3, 114.8,
123.2 (PhC3), 127.7 (PhC2), 145.5 (PhC4), 151.9 (PhC1),
186.8 (C–OH), 194.9 (C‚O); Anal. Calcd. for C27H38N2O6:
C, 66.74; H, 7.98; N, 5.55; O, 19.91; Found: C, 66.64; H,
7.87; N, 5.76; O, 19.73: LC/MS (ESI): m/z= 468.27 [M]+.
2.2.9. Diethylammonium 2-((2-hydroxy-4,4-dimethyl-6-
oxocyclohex-1-en-1-yl)(m-tolyl)methyl)-5,5-dimethyl-3-
oxocyclohex-1-enolate 3i
Pure product 3i was obtained according to GP1 as solid
(1.24 g, 91%). IR (cm1): 2952 (s), 1572 (s), 1483 (s), 1381
(s), 1227 (s), 1143 (s), 787 (s), 463 (s); 1H-NMR (CDCl3,
400 MHz) d 0.91–1.12 (m, 12H, CH3), 1.16 (t, J= 7.36 Hz,
6H, NH2CH2CH3), 2.28 (s, 3H, PhCH3), 2.38 (s, 8H, CH2
+ COCH2), 2.91 (q, J= 7.36 Hz, 4H, NHCH2CH3), 5.71
(s, 1H, PhCH), 6.88–7.03 (m, 4H. ArH), 7.85 (bs, 2H. NH2),
13.78 (s, OH); 13C-NMR (CDCl3, 100 MHz): d 12.3 (CH3CH2
NH), 20.6 (PhCH3), 31.2 (CH3)2, 32.8 {C(CH3)2}, 34.8 (Ph-C),
42.6 (CH3CH2NH), 46.3, 51.9, 115.8, 126.9 (PhC4), 128.4Table 1 Conditions screening for the tandem Knoevenagel–
Michael condensation reaction of 1 with benzaldehyde 2a as
model substrate.a
Conditions
O
O O
HOO
O O
2 equiv.
Time (h)/RT
N
H
H
1 2a 3a
+
Entry Condition Time (h) Yield (%) b
1 Et2NH/H2O 0.5 95
2 iPr2NH/H2O 1 81
3 (Cyclohexyl)2NH/H2O 2 86
4 Morpholine/H2O 2 67
5 Et3N/H2O 1 59
6 NaOH/H2O 8 54
7 Et2NH 12 13
8 H2O 12 0
a All reactions were carried out with dimedone 1 (3 mmol),
benzaldehyde 2a (1.5 mmol) and amine (1.5 mmol) in water
(1.5 mL) for the speciﬁed time.
b Yield of isolated product.(PhC2), 134.1 (PhC3), 144.7 (PhC1), 187.5 (C–OH), 195.9
(C‚O); Anal. Calcd. for C28H41NO4: C, 73.85; H, 9.09; N,
3.13; O, 13.79; Found: C, 73.81; H, 9.07; N, 3.07; O, 14.05:
LC/MS (ESI): m/z= 455.30 [M]+.
2.2.10. Diethylammonium 2-((2-hydroxy-4,4-dimethyl-6-
oxocyclohex-1-en-1-yl)(4-hydroxyphenyl)methyl)-5,5-
dimethyl-3-oxocyclohex-1-enolate 3j
Pure product 3j was obtained according to GP1 as solid
(1.01 g, 88%). IR (cm1): 3157 (s), 1584 (s), 1519 (s), 1469
(s), 1381 (s), 1339 (s), 779 (s), 495 (s); 1H-NMR (DMSO-d6,
400 MHz) d 0.85–0.97 (m, 12H, CH3), 1.12 (t, J= 7.32 Hz,
6H, NH2CH2CH3), 2.06 (s, 8H, CH2 + COCH2), 2.50
(s, 1H, PhOH), 2.88 (q, J= 7.32 Hz, 4H, NHCH2CH3), 6.04
(s, 1H, PhCH), 6.45 (d, J= 8.04 Hz, 2H, ArH), 6.75
(m, J= 8.04 Hz, 2H. ArH), 8.32 (bs, 2H. NH2), 16.41 (s,
OH); 13C-NMR (DMSO-d6, 100 MHz): d 11.8 (CH3CH2NH),
29.8 {C(CH3)2}, 31.9 (CH3)2, 34.2 (Ph-C), 42.0 (CH3CH2NH),
45.6, 50.9, 114.3, 115.3 (PhC3), 128.3 (PhC2), 136.1 (PhC1),
154.1 (PhC4), 183.6 (C–OH), 196.1 (C‚O); Anal. Calcd. for
C27H39NO5: C, 70.74; H, 8.89; N, 3.13; O, 17.61; Found: C,
70.87; H, 8.59; N, 3.06; O, 17.48; LC/MS (ESI):
m/z= 383.19 [M]+.
2.2.11. Diethylammonium 2-((2,4-dichlorophenyl)(2-hydroxy-
4,4-dimethyl-6-oxocyclohex-1-en-1-yl)methyl)-5,5-dimethyl-3-
oxocyclohex-1-enolate 3k
Pure product 3k was obtained according to GP1 as solid (1.4 g,
92%). IR (cm1): 3116 (s), 2944 (s), 1577 (s), 1466 (s), 1381 (s),done 1 with aromatic aldehydes 2b–n in aqueous diethylamine
medium.a
H2O/NHEt2
O
O
O R
15-60min
HOO
O O
NH2Et2
R
3b-n1
+
2b-n
Entry 3 R Time (min) Yield (%)b
1 3b p-CH3Ph 45 93
2 3c p-ClPh 45 92
3 3d p-BrPh 45 90
4 3e m-BrPh 45 88
5 3f p-CH3OPh 45 89
6 3g 2,4,6-(CH3)3Ph 90 85
7 3h p-NO2Ph 60 90
8 3i m-CH3Ph 60 91
9 3j p-HO-Ph 60 88
10 3k 2,4-Cl2Ph 90 92
11 3l 2,6-Cl2Ph 90 91
12 3m o-NO2Ph 60 87
13 3n 2-Naphthaldehyde 60 93
a All reactions were carried out with dimedone (3 mmol), alde-
hydes 2b–n (1.5 mmol) and diethylamine (1.5 mmol) in water
(3.0 mL) for the speciﬁed time.
b Yield of isolated product.
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Figure 1 A possible mechanistic pathway.
Figure 2a The ORTEP generated plot of the X-ray structure of
compound 3b with displacement ellipsoids drawn at 20% prob-
ability level. Dashed line indicates the inter molecular interaction.
The hydrogens not involved in intra molecular interactions are
omitted for clarity.
Figure 2b The crystal packing of compound 3b. Dashed line
indicates the inter molecular interaction. The hydrogens not
involved in inter molecular interactions are omitted for clarity.
Doctopic: Tandem Knoevenagel–Michael reactions in aqueous diethylamine medium 1891065 (s), 863 (s), 781 (s), 604 (s), 473 (s); 1H-NMR (CDCl3,
400 MHz) d 0.91–1.02 (bs, 12H, CH3), 1.17 (t, J=6.60 Hz, 6H,
NH2CH2CH3), 2.19 (bs, 8H, CH2 + COCH2), 2.90 (q, J=
6.60 Hz, 4H, NHCH2CH3), 5.89 (s, 1H, PhCH), 6.98 (d, J=
11.72 Hz, 1H, ArH), 7.16 (s, 1H, ArH), 7.24 (s, J=11.72 Hz,1H, ArH), 8.71 (bs, 2H. NH2), 14.77 (s, OH);
13C-NMR
(DMSO-d6,100 MHz): d 11.4 (CH3CH2NH), 30.8 {C(CH3)2},
31.4 (CH3)2, 34.4 (Ph-C), 42.3 (CH3CH2NH), 47.3, 51.7,
114.5, 125.8 (PhC5), 128.9 (PhC3), 130.9 (PhC6), 131.5 (PhC4),
133.8 (PhC2), 141.1 (PhC1), 186.7 (C–OH), 197.1 (C‚O); Anal.
Calcd. for C27H37Cl2NO4: C, 63.38; H, 7.45; N, 2.53; O, 12.67;
Found: C, 63.52; H, 7.31; N, 2.74; O, 12.54; LC/MS (ESI):
m/z=509.21 [M]+.
Figure 3a The ORTEP generated plot of the X-ray structure of
compound 3c with displacement ellipsoids drawn at 20% prob-
ability level. Dashed line indicates the inter molecular interaction.
The hydrogens not involved in intra molecular interactions are
omitted for clarity.
Figure 3b The crystal packing of compound 3c. Dashed line
indicates the inter molecular interaction. The hydrogens not
involved in inter molecular interactions are omitted for clarity.
190 A.M. Al-Majid et al.2.2.12. Diethylammonium 2-((2,6-dichlorophenyl)(2-hydroxy-
4,4-dimethyl-6-oxocyclohex-1-en-1-yl)methyl)-5,5-dimethyl-3-
oxocyclohex-1-enolate 3l
Pure product 3l was obtained according to GP1 as solid
(1.39 g, 91%). IR (cm1): 2953 (s), 2869 (s), 1711 (s), 1575
(s), 1497 (s), 1367 (s), 1220 (s), 776 (s), 448 (s); 1H-NMR
(CDCl3, 400 MHz) d 0.88–1.03 (bs, 12H, CH3), 1.17 (t,
J= 7.36 Hz, 6H, NH2CH2CH3), 2.19 (bs, 8H, CH2 +
COCH2), 2.90 (q, J= 7.36 Hz, 4H, NHCH2CH3), 5.89(s, 1H, PhCH), 6.95 (d, J= 14.4 Hz, 1H, ArH), 7.16 (m, 1H,
ArH), 7.24 (s, J= 14.4 Hz, 1H, ArH), 8.71 (bs, 2H. NH2),
14.78 (s, OH); 13C-NMR (DMSO-d6, 100 MHz): d 11.9 (CH3
CH2NH), 30.3 {C(CH3)2}, 31.8 (CH3)2, 34.3 (Ph-C), 42.5
(CH3CH2NH), 47.6, 51.1, 114.2, 125.9 (PhC3), 128.2 (PhC4),
134.9 (PhC2), 139.1 (PhC1), 189.1 (C–OH), 198.3 (C‚O);
Anal. Calcd. for C27H37Cl2NO4: C, 63.46; H, 7.55; N, 2.43;
O, 12.91; Found: C, 63.52; H, 7.31; N, 2.74; O, 12.54; LC/
MS (ESI): m/z= 509.21 [M]+.
2.2.13. Diethylammonium 2-((2-hydroxy-4,4-dimethyl-6-
oxocyclohex-1-en-1-yl)(2-nitrophenyl)methyl)-5,5-dimethyl-3-
oxocyclohex-1-enolate 3m
Pure product 3m was obtained according to GP1 as solid
(1.22 g, 87%). IR (cm1): 3096 (s), 2938 (s), 2869 (s), 1580
(s), 1539 (s), 1506 (s), 1384 (s), 1241 (s), 1033 (s), 778 (s), 604
(s), 524 (s); 1H-NMR (CDCl3, 400 MHz) d 0.99 (bs,
12H, CH3), 1.29 (t, J= 7.32 Hz, 6H, NH2CH2CH3), 2.20
(bs, 8H, CH2 + COCH2), 2.03 (q, J= 7.32 Hz, 4H, NHCH2
CH3), 6.22 (s, 1H, PhCH), 7.10 (m, 4H, ArH), 8.74 (bs, 2H.
NH2), 14.27 (s, OH);
13C-NMR (CDCl3, 100 MHz): d 11.2
(CH3CH2NH), 29.4 {C(CH3)2}, 31.4 (CH3)2, 33.6 (Ph-C),
42.0 (CH3CH2NH), 44.8, 49.9, 114.5, 124.1 (PhC3), 125.9
(PhC4), 130.2 (PhC6), 131.3 (PhC5), 137.4 (PhC1), 149.7
(PhC2), 181.9 (C–OH), 198.9 (C‚O); Anal. Calcd. forC27H38-
N2O6: C, 66.94; H, 7.87; N, 5.43; O, 19.96; Found: C, 66.64; H,
7.87; N, 5.76; O, 19.73: LC/MS (ESI): m/z= 468.27 [M]+.
2.2.14. Diethylammonium-2-((2-hydroxy-4,4-dimethyl-6-
oxocyclohex-1-en-1-yl)(naphthalen-2-yl)methyl)-5,5-dimethyl-
3-oxocyclohex-1-enolate 3n
Pure product 3n was obtained according to GP1 as solid
(1.33 g, 93%). IR (cm1): 3053 (s), 2943 (s), 2866 (s), 1688
(s), 1566 (s), 1511 (s), 1383 (s), 1241 (s), 1035 (s), 774 (s), 482
(s), 554 (s); 1H-NMR (CDCl3, 400 MHz) d 1.01 (bs, 12H,
CH3), 1.19 (t, J= 7.32 Hz, 6H, NH2CH2CH3), 2.29 (bs,
8H, CH2 + COCH2), 2.88 (q, J= 7.32 Hz, 4H, NHCH2CH3),
6.32 (s, 1H, PhCH), 7.55–7.64 (m, 2H, ArH), 7.69
(t, J= 7.36 Hz, 1H, ArH), 7.91 (d, J= 8.80 Hz, 1H, ArH),
7.99 (d, J= 6.60 Hz, 1H, ArH), 8.10 (d, J= 8.08 Hz, 1H,
ArH), 9.25 (d, J= 8.04 Hz,,1H, ArH), 1039 (s,2H. NH2),
14.25 (s, OH); 13C-NMR (CDCl3, 100 MHz): d 11.7 (CH3CH2-
NH), 29.8 {C(CH3)2}, 31.4 (CH3)2, 33.9 (Naph-C), 42.2
(CH3CH2NH), 45.3, 50.5, 116.8, 124.7(ArC5& C7), 127.0
(ArC6), 128.6 (ArC5), 129.1 (ArC2), 130.6 (ArC9),
131.5 (ArC10), 133.8 (ArC8), 135.4 (ArC3), 136.8 (ArC1),
182.8 (C–OH), 193.6 (C‚O); Anal. Calcd. for C30H39NO4:
C, 75.83; H, 8.05; N, 3.03; O, 13.29; Found: C, 75.71; H,
8.23; N, 2.91; O, 13.40: LC/MS (ESI): m/z= 477.29 [M]+.
3. Results and discussion
In our initial ﬁnding, a typical one-pot two-component tandem
Knoevenagel–Michael reactions were carried out upon treat-
ing a mixture of 5,5-dimethylcyclohexane-1,3-dione (dimedone
1), benzaldehyde 2a in 2:1 molar ratio in the presence of one
equivalent diethylamine in aqueous medium (1.5 mL) at room
temperature, to afford trimolecular adduct salts 3a (Table 1,
entry 1). The product 3a was isolated in its pure form with
95% yield, simply by ﬁltration. The structure of the compound
3a was elucidated by means of spectroscopic data and
Doctopic: Tandem Knoevenagel–Michael reactions in aqueous diethylamine medium 191elemental analyses. The 1H-NMR spectrum of compound 3a
showed the absence of the methylene proton of dimedone moi-
ety and the presence of a set of characteristic protons at d 5.74
(s), 8.25 (bs) and 13.91 (bs) ppm, belonging to the protons of
bridge CH, diethylamine NH2
+ and OH, respectively. The for-
mation of compound 3a was further conﬁrmed by 13C-NMR
spectrum and the characteristic peaks were observed at d
34.2, 179.3 and 199.1 ppm for the bridged CH, C–OH and
C‚O accordingly.
By inspiring with the result, we further investigated the
effect of different amines and reaction parameters on the tan-
dem Knoevenagel–Michael condensation for the synthesis of
bis-dimedone derivatives as depicted in Table 1. Because of
the fact that the aqueous diethylamine medium gave the
desired product 3a with quantitative yield within 30 min
(Table 1, entry 1), several secondary amines were therefore
tested as compared to diethylamine for the tandem Knoevena-
gel–Michael condensation reactions. The product 3a was
obtained in moderate to good yields in case of aqueous diiso-
propylamine (81% yield), dicyclohexylamine (86% yield), and
morpholine (67% yield) with lower reaction rates as compared
to diethylamine (Table 1, entries 2–4 respectively). Moreover,
the reaction was further carried out in the aqueous triethyl-
amine and NaOH medium, and the result was found to be less
efﬁcient as compared to the secondary amines, only 54–59%
yield was observed (Table 1, entry 5, 6). We also found that
in the absence of water (Table 1, entry 6) or with only water
as a reactant (Table 1, entry 7), the reaction either could
not be processed or preceded very slowly or in very harsh
condition.Table 3 The crystal and experimental data of compounds 3b,c.
Compound 3b
Empirical formula C28 H41 N O4
Formula weight 455.62
Temperature (K) 297(2)
Mo Ka radiations, k 0.71073 A˚
Crystal system Monoclinic
Space group P21/n
a 10.2895(9) A˚
b 18.0995(15) A˚
c 15.8615(13)A˚
b 107.975(2)
Volume 2809.8(4) A˚
3
Z 4
Calculated density 1.077 mg/m3
Absorption coeﬃcient 0.071 mm1
F(000) 992
Crystal shape and color Colorless, Bloc
Crystal size 0.40 · 0.22 · 0.1
h range 1.76 to 25.50
h/k/l 12, 12/21, 2
Reﬂections collected 16506
Reﬂections unique 5028
(Rint) 0.0735
R1 with I> 2r(I) 0.0673
R2 with I> 2r(I) 0.1360
R1 for all data 0.1591
R2 for all data 0.1785
Goodness of ﬁt 0.982
Max/min q eA˚
3
0.234/0.203To illustrate the versatility of tandem Knoevenagel–
Michael reactions, a series of aromatic aldehydes 2b–n were
examined under the optimized reaction condition and the
results are summarized in Table 2.
Several derivatives of aromatic aldehydes with either elec-
tron-donating/withdrawing groups at the ortho-, meta- or
para-, even sterically hindered ortho-position on the aromatic
ring were tolerated and irrespective of nature of the substituted
groups, the reaction gave the corresponding bis-dimedone
derivatives 3b–n with very good chemical yields (85–93%)
(Table 2). In addition, reactions with substrates 2g, 2k and 2l
bearing highly bulky group, proceeded smoothly to give prod-
ucts with very good results (85%, 92% and 91% respectively)
(Table 2, entries 9, 10 & 11). Based on the above results, this
process was then extended to heterocyclic aldehyde, but unfor-
tunately, the chemistry does not worked at all.3.1. Proposed reaction mechanism
A probable mechanism for the tandem Knoevenagel–Michael
reaction has been proposed in Fig. 1. Initially, the water mol-
ecule makes hydrogen bonding with the keto group of com-
pound 1, and there by activate the C‚O functional group,
which makes it easy for the deprotonation of methylene proton
by diethylamine leading to form enolate intermediate [ii]. Then
the enolate [iii] attacks the nucleophilic center of the carbonyl
group of aldehyde, followed by Knoevenagel condensation to
form Knoevenagel condensation adduct [iv] by the loss of
water molecule. Finally, the second molecule of enolate furtherCompound 3c
C27 H38 ClNO4
476.03
297(2)
0.71073 A˚
Monoclinic
P21/n
10.2816(16) A˚
18.080(3) A˚
15.637(2) A˚
107.076(4)
2778.6(7) A˚
3
4
1.138 mg/m3
0.167 mm1
1024
k Colorless, Block
8 mm 0.54 x 0.23 x 0.16 mm
1.77–25.50
1/18, 18 11, 12/21, 21/18, 18
16294
5185
0.0703
0.0643
0.1548
0. 1404
0.1852
1.001
0.239/0.244
Table 4 Hydrogen bonding data for compound 3b.
D H A D-H H...A D...A D-H. . .A
C27 H27B O3a 0.9700 2.5600 3.394(4) 144.00
N1 H1A O4 0.8600 1.9600 2.800(4) 164.00
O2 H2C O3 1.40(4) 1.06(4) 2.463(3) 177(4)
a Symmetry codes: 1/2  x,1/2 + y,1/2  z.
Table 5 Hydrogen bonding data for compound 3c.
D H A D-H H...A D...A D-H. . .A
N1 H1A O1a 0.84(4) 2.23(4) 2.817(5) 128(3)
N1 H1A O4a 0.84(4) 2.13(4) 2.743(4) 130(4)
O2 H1B O3 1.18(5) 1.29(5) 2.459(4) 168(4)
N1 H1C O3 1.01(4) 1.79(4) 2.697(4) 147(3)
a Symmetry codes: 1/2  x, 1/2 + y, 1/2  z.
192 A.M. Al-Majid et al.attacks the double bond of Knoevenagel product [iv] and sub-
sequently undergoes Michael addition reaction to form the
tandem Knoevenagel–Michael product 3a–n and regenerates
water and diethylamine (Gruttadauria et al., 2007; Breslow,
2004; Blackmond et al., 2007; Barakat et al., 2013a,b;
Barakat et al., 2014).
The ﬁnal adduct which can exists in trans-enolized tauto-
mer form, stabilized by intermolecular hydrogen bonding net-
work as shown by
Further studies to elucidate the chemical structures for the
ﬁnal adduct have been achieved by X-ray technique (Figs. 2a
and 2b, Figs. 3a and 3b). Slow diffusion of diethyl ether in a
solution of pure compound 3b,c in dichloromethane at room
temperature for 2 days gave its colorless single crystals. A sin-
gle crystal of 3b,c of dimensions, 0.40 · 0.22 · 0.18 mm and
0.54 · 0.23 · 0.16 mm, respectively was selected for X-ray dif-
fraction analysis. Data were collected on a Bruker APEX-II
CCD area diffractometer equipped with graphite monochro-
matic Mo Ka radiation (k= 71073 A˚) at 297 (2) K. Cell
reﬁnement and data reduction were done by Bruker SAINT
(Bruker, 2000). SHELXS-97 (Sheldrick, 2008), PARST
(Nardelli, 1995) and PLATON (Spek, 2009) were used to solve
structure and reﬁne structure (Table 3). The ﬁnal reﬁnement
was performed by full-matrix least-squares techniques with
anisotropic thermal data for nonhydrogen atoms on F2. All
the hydrogen atoms were placed in calculated positions (Tables
4 and 5).
4. Conclusion
In summary, an efﬁcient, mild, greener and cost effective one-
pot synthesis process has been developed for the multicompo-
nent tandem Knoevenagel–Michael condensation reactions of
aromatic aldehydes with dimedone by aqueous diethylamine
medium for the synthesis of novel bis-dimedone derivatives
3a–n which could be of biological signiﬁcance. In addition,
to its efﬁciency and simplicity of the reaction conditions, it
provides very good yields of the products without further puri-
ﬁcation. Due to the several advantageous factors like simple
work-up, environmentally friendly, no hazardous, no need
for anhydrous condition, simple puriﬁcation and short reac-
tion time, the present methodology becomes the robust andpractically applicable synthetic process. Further studies on
expanding the application of this method and the biological
evaluation of these bis-dimedone derivatives are in progress.
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